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Specular reflection from surfaces and interfaces

Incident Reflected
neutron neutron
beam m

Silicon

DEPTH PROFILING : provides information
about concentration / composition profiles
normal to the interface

ellipsometry

- Manipulate Refractive Index ° complex multi-component systems

- Require optical quality surfaces

(Penfold, Thomas, J Phys: Condens Matt 2 (1990) 1369,
T P Russell, Mat Sci Rep 5 (1990) 171)



Specular Neutron Reflection

Within the Born Approximation
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Element

Mass number

Contrast variation ( H/D isotopic substitution )

Atomic number

T 6 8 2 % 2 & H and D have vastly different
scattering powers for neutrons
S A B X-rays
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Hydrogen Carbon  Oxygen Titanium lron Nickel  Lead
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Tha diameters of ine crcles shown scale with the scattering amplituda f, (= 0) for s- A — N b 2
T

rays, and o, , " 10 for neuteong. Hatching indiczles negative scattering amplitudas.

Extensively use H/D isotopic
substitution to manipulate
‘contrast’ of refractive index
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Figure 1. The accessible wave-vector range for a series of
incident angles for the current SURF geometry.
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Off-Specular Scattering

q,=2ksin 6
q,.=k(cos6,-cos6,cosy)
q,=kcos0;siny

v is angle out of plane

In Distorted Wave Born Approximation, DWBA
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Surfactant Adsorption at Interfaces
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Measurement of Adsorbed Amount

For deuterated surfactant in null reflecting water, the b
reflectivity arises only from adsorbed surfactant layer A= Z
Assuming that the reflectivity can be described by a single uniform layer dp

then the adsorbed amount is
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Non-ionic adsorption ( C12E2 to C12E12 )



Adsorption of mixed surfactants at interfaces
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) ) 5x10-4M C12E3 / C12E8 |
For binary mixture
selectively deuterate
each component

in turn

Reflectivity
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Adsorption of C12E3 / C12E8 mixture at the air-water interface

[ [ 50/50 C12E3 / C12E8

Q . * 2 s . .

s 4F . - Close to ideal mixing
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First experimental verification of
abrupt change in composition at CMC

Composition
J Penfold, E Staples, L Thompson, I Tucker, Coll Surf A 102 (1995) 127



Surface adsorption in complex multi-component mixtures

90% C12E5 / 10% SDS / _ % |
0.01M Nacl :

S0

Comprising of Dodecanol,
C12E3, C12ED, C12ES,

25 Solution

and C12E12 20 ~
155
for c>>CMC ._
10
Surface
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I Tucker, J Penfold,
Langmuir 10 (1994) 4136 0 —s ; ; — .
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EO LENGTH

Solution composition EO 5.0, surface EO 3.6
Mixture adsorption ~ 40% greater than for SDS / C12E5



Surface Composition (mole fraction C12E6)

DHDAB / C12E6 surface composition (solution conc)
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See extreme departure from ideality which

cannot be accounted for by existing theories or
structural changes in surface layer on mixing

Globular micelles for C12E6 rich compositions,
N increases with nonionic content

Transition to lamellar phase @ ~ 50/50 composition.
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1.3 x 10-3M DHDAB / C12E6 surface composition (salt conc)
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Structure of the adsorbed
surfactant layer
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Partial Structure Factors



Structure of adsorbed

surfactant layer of e

s
E
]
L (al
002} TR
001 \\\
(b)

L=

=t

Ped
T

Number densi ty;’f\ ?
o 9
e &
2 8

0.001}

20

Distance/A



Ci, TAB Structure
( Lu, Li, Smallwood, Thomas, Penfold, J Phys Chem 99 1995 8233 )

From more detailed labelling obtain
a finer description of the structure 71
of the adsorbed layer ;

(]
a/A
i

. Measurements with decreasing size of | i

the labelled fragment gives a direct
estimate of the capillary wave

contribution to the widths of .

the distributions :

15

From labelling groups of 2 or 4
methylenes compared to
headgroup or solvent can map out
mean configuration of the chain
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Adsorption of aromatic counter-ions: role of isomeric form
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No of counterions / surfactant anion ~ 0.85
Counterion in hydrophobic environment

Para:
No of counterions / surfactant anion - 0.5
Counterion in hydrated headgroup region

From simple packing criteria, V/Al,

and assuming V~430, |~21.7, A~55,

V/Al increases from ~0.35 to ~0.5
if V increases to 600 for ortho isomer
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Ortho induces massive growth
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flexible micelles; Para does not

2mM C16 TAB / 12mM hbz

Solvent

outer C10

inner C6
para-hydroxybenz

PARA

NN

-20 0 20 40

z (in angstroms)



e e Surfactants at the

beam

/

& solution-solid interface

Detailed surface structure
Teflon base ff‘om Iabe"ing
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(Fragnetto, Thomas, Rennie, Penfold,

, Only indirect information
Langmuir 1996 12 6036 )

about in-plane structure



10-3M 20/80 SDS / C12E6
at hydrophilic silica / solution interface
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Reflectivity

SDS adsorption onto poly-dmdaac coated surface
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Wave vector transfer

* Thin polymer layer at interface
* Polymer layer remains intact

- Strong SDS adsorption

- SDS layer ~ 36 to 40 angstroms

Adsorbed amount ( x 10-10 mol cm-2)
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A/W interface



Surface ordering in Surfactant systems

(Li, Weller, Thomas, Rennie, Webster Penfold, Heenan, Cubitt, 2% AOT / D20
J Phys Chem 103 (1999) 10800 )

See well-defined '‘Bragg peaks’ associated with
surface lamellar ordering, extending ~1 micron
info the bulk solution
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Mamentum ranser & &)

Attributed to conformal roughness
caused by 'Helfrich waves' in the
surface ordered lamellar bilayers



2% h-AOT / D20 at A/W interface (25c¢)

Constant Qz off-specular scattering
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With increasing temp
see increased order,
decrease in spacing,
0.06 0.08 0.1 012 0.14 and increasing in-plane
correlation length

—5%107*

Off-specular, arising from conformal roughness,
analysed to obtain in-plane correlation length
~ 10 to 60 microns



NaPS5(140ppm)/C12TAB .
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Surface Tension/mN/m
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Future Prospects

- Surface in equilibrium with complex bulk solution

z%%ﬂﬁ%ﬁ%%ﬁ} Simul’ragﬁgug Ale]gec‘rivi’ry
S ° o

* Surface Ordering

Due to interface, confinement,
flow




Future Prospects

» Liquid-solid, liquid-liquid interfaces

e e Broader range of interfaces and

b e o conditions accessible

Quartz crystal Steel plate Working electrode

Nesrons | Nerstroms
in ot
I ——
—_— —
| Tt reference
| a

el

Telfon rezervoiy Counter plate ‘ Scluticn
Steel plate Glass plate

* Lateral structure _ N
Surface inhomogeneities,

surface micellisation,
segregation

* Non-equilibrium effects

Kinetics of absorption,
dynamic surface tension,
Surface rearrangements



Future Prospects

* High Throughput

Multi-component mixtures,
parameter space




